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Thmr*  Xm an arc«at  •«••d-to-knaw- r«<iulr«Mnt ••no.rnln« th* 

tmrmmmfr of p#r.oM*l  tmnmiH mmmooXmt^  with non-lonlelng electro- 

■•«n«tio  radiation in  the for« of alorowaTe and   lasar eriTlroiunant.. 

This   informtlon  1.  required   for the  eatabll.haent  of «eanlnSful 

envlromnental   health   atandards.   for  the  maximal   utlllz.tlon  of  oper- 

ational   ..pulpments  and   for a   losloal   pre-selection of wavelensth. 

In   research and  ievelopment   of  future  arateae. 

Currently,   the laok of appropriate kaowledge  has  plaeed  an  un- 

Karrantad  eoonoalo and operational burden on the  U.S.  A«y without 

onaurln« the prevantio« of  injury to  it« paraoimal. ^The purpoae 

of  thl.  inreatlgatlon i«  to determine  the  nature and aeope of  Ai '     r 

hazard, and  to r«oo»end  the  requl.lte parameter,  for health-safety. 

Por both alerowaTe and   laser radiation,   ophthalmic   pathology   is 

the  mo.t   sensitive   Indicator  of   Injury.     Threshold   changes  are 

produced   in   the   lens  with  microwave   radiation and   m   the   retina 

with   Jaser  radiation.      As   the   threshold   lesions  are not  obvlou.   in 

routine   ophthalmic   examination,   special  t.ohnique.  haWlWen under 

development  not only to permit dlaoov.ry of  th. aarlleet ooourrenoe 

of   the  Injury but alao  to document  the  findin««.       (     ) 
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METHODOLOGY

In order to delineate the ophthalmic hazards asscolHi^-i with 

microwave- and laser envlronemnts, an examination pro»ra.T am protocol 

was developed Initially at tne U.3. Army Electronics Coti;iiand facilities 

at Port Monmouth, New Jersey. In view o' t'.e r.e«d to ot^alr. a larger 

se<rment of lersonnel having a high probability of exposure to the 

spectrum of radiations under Investigation, additional ^ata was 

accumulated from other sites where appropriate exposure environments 

existed. Moreover, as a primary objective of this investlaatlon is 

to accumulate aa muoh knowledge as possible, data concerning docu­

mented caees of Injury Is included.

The threshold patholoav for microwave Injury la different from 

that of laser Injury. Microwave radiation produces primarily a 

"tnermal" type of cataract making Its tnresnoln aopearance In ‘he lens 

capsul. Laser radiation produces primarily a retlrial burn, similar 

to other sources of intense light, making Its threshold appearance 

In the pigment epithelium layer of the retina. Por these reasons, 

the emphasis of elinleal examination was placed on sllt-iaap blo- 

alcroscopy with stereo-photographic documentation to detect lens In­

jury Induced by microwave radiation an<^ ophthalmoscopy wltn fundus 

photographic documentation to detect rhorl v r-.m I n‘ -r' tn-- -'-‘ i 

high Intensity llgh^ -n^'atlc-. **



RESULTS

The signature of Injury being different for the two environments 

requires a dichotomy for the presentation of the results separately 

into microwave and laser data,

MICROWAVE DATA

Prior to this report, five Instances of microwave cataracts have 

appeared In the literature. Analysis of these cases revealed that 

the Initial site of pathology was not In the lens substance Itself, 

tut. Instead, In the capsul surrounding the lens at Its posterior 

surface. Ordinarily there occurred a latent period of months to years 

before the Initial pathology appeared. Normally, the lens capsul 

Is transparent approximately one micron thick and smooth. Careful 

silt-lamp examination discloses that the microwave Injured capsul 

beccmes opaque, thickened and rough. Gradually, this process spreads 

until the entire posterior capsul and part of the anterior capsul Is 

Involved, At this point, which again may take months to v»f.rs before 

it appears, the Individual may not yet be aware that there Is anything 

abnormal about his eyes because the filtering effect of opacification 

of the tnln lens capsul Is minimal and the lens substance. Itself, is 

coirpletely transparent and refracts light normally. Although the 

process usually ta-ces rears to reach this stage of development, the 

nei*^ phase, extensive opacification of the lens substance, occurs 

"■apldly and results In the formation of a culnl'.al cataract associated 

with a loss of visual aoulty. If seen for the first time at this



•tM«t it 1* iapMtiU* for tho ophtholaoloftiot to d«t«raln« th« 

•tlologjr of tho ootoroot oxcept by proouxptlTo hlotory of exposure.

In addition to the aboxe aentionod fixe iBdixidools, 26 not pre- 

xioualy reported oosoo of aiorowaxo lens dosage are included in this 

aurrey so ttmt the ssabor of doovaented aierowaxe Injuries now totals 

31. Of the 26 new oases, only one has progressed to the stage of 

olinlcal oataraot and loss of xision. Sight others haxe been examined 

aero tten onee eaoh and doaenstrated progression of findings. The 

findings in the roaaining 17 hare either been dormant or there has 

only been a single examination performed.

It Is preaature to present any reliable statlstloal data eoncern- 

Ing the Incidence of microwave damage to the lens. However, st one 

site, there is both a hia-n probability of exposure to levels of 

Irradiation exoaading 10 aw/oa and a good capability for obtaining 

reliable free-fleld aeaaureaenta demonstrating that the permlssable 

level was, in fact, azoaaded. The most recent survey at this in­

stallation resulted la the exaainatlon of 79 men eo exposed and in 

the discovery that 15 of them ted ophttelaologlosl evldenoa of micro­

wave injury.

LA3SH DATA

Lest year, after having examined about 60 individuals woriclng in 

laser arvlrcnments and analysing he result’s, it was found that

. t.'



approximately 2^i had retinal plipnentary aberrations suggestive of 

photic Injury. In none of these cases was the visual acuity reduced 

nor was tnere any known direct exposure to a laser beam. As all of 

these scientists nave worked with other Intense light sources before 

anl durlnic their laser employment and as exposure to any high Intensity 

Hint source cou-d produce irreversible changes In the photostablle 

pigments of the retina. It became obvious that the optical pumping 

devices, such as xenon flash lamps, were not only dangerous but also 

probably constituted the greatest rtlan af the environmental nazard 

associated with the laboratory use of laser devices.

Por the specific types of ocular pathology found, hyperpl-mentatlon 

of the macula and minute areas of deplamentatlon or bleaonlng of the 

retinal rl*^n»nt epithelium. Intense light was the etiological factor.

I: did not matter >#nether or not the source was oroadlv spectral In 

distribution or monoctromatlc. Ai»-nough other late abiotic effects 

should be looked for and sporadically may, at some future time, baoome 

ap,;arent, attention must be centered on changes In the pigment epi­

thelium of the retina at this time for two compelling reasons.

The first Is that under direct examination of the retina when It 

Is Irradiated with laser Illumination, the minimal, non-transient, 

permanent lesion dlscernable Is an area of d^rlgm-r.tatlon Ir. the 

pigment “plthellum or retina oorr-ispor.-* 1 og pr*'Olselv to tn»
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focal lmai<? of the laser on the retina. The second is that In two 

cases of Inadvertent exposure of the retina to laser Irradiation at 

approximately threshold Intensities, both subjects pernianently re­

tained deplgmented areas In the pigment epithelium of the retina 

coinciding In location and size with the retinal Image of th*^ laser 

beam.

To recapitulate two significant findings have been discovered In 

personnej. Inhabiting environments of nigh Intensity light, (1) hyper- 

plgmentatlon of the entire macula and (2) deplgmentatlon of minute 

areas within the macula. In a pooled sample of 737 individuals 

working with Intense light sources, approximately r»a i hvp<=«rFl«-

mentatlon of the macula and 10% (”0 Individuais) had minute areas of 

per:nanent depigmentation In tre macula. None cas vei exhibited a 

loss of visual acuity at'rltutaole to these findings.

Aside from the above, an additional disquieting flndlnir bears 

mention. In one eye of one Individual a melanoma was discovered.



DISCUSSION "i*!^ 

NierowftT« «ftteVM« tea te«B fevad to te mmm wemnmlmnt then 

tofor« «uapootod. Alttevoh mmmr  of it« f««t«r*a IMT« not ymt 

fully d«lliMat«d( • mater of IMW faeter« teva «Tolvad «ad tha patha* 

ganaala tea teaaaa ttruly  aatabliahad. Ordinarily ratroapaetiva 

•▼mltiatlona of anTlroaaantal loTola of irradiation oannot te porfamadi 

fortuitoualy, howovor* at eno faeilltjr tha oapabilitjr for taking 

flald aaaauroaantB «aa azoollont.  In faat, aoaa aoabora of tha fiald 

aeasuroaont taam dovaloped ainiaal but dafiaita fiadinga attributabla 

to alorowaT« radiation.  The now oaaos dlaeoTorod at thia faoilttj 

Indloate that tha threshold value for huaan aiorewaTe oataraetogenoaia 
2 

may approziaate 100 aw/oa inataad of the prevloualy aoooptod« etate- 
2 

of-the-art value lying between 350 and fOO aw/oa 

Currently, photographs of the lana taken by aoana of the Donaldaon 

stereo oaaara are tha beat aathod for doeuaenting thia typo of path- 

ology.  HowoTer, the ayataa ia not aenaitive aaaagh to peralt photo- 

graphing the ineeptlon stage of the Injury although later stages oan 

be photographed.  We are attempting to laproTe the eaaera perforaanoe 

by utilizing better definition f11a and nodlfylng the Illumination 

system. 

Retinal changes due to Intense light souroes have long been known 

to occur.  However, It has never before been suspeoted that hyper- 

plgmentrtlon of the macula was associated with such environments.  A 

7 



statistical   Inoliencft   of  this   flndlnc:   In  25< of   potentially  exposed 

personnel  requires   Its  complete   evaluation as  part  of   the   continuing 

study   In order  to determine  whether  or  not   hyperpl^r • enta'ion  of 

the  macula   repre^en^s   *■   phvsloJ.Ofl;lcal   response   or  fin  >»ar^v   stHa-e   of 

Irr-versltle   Injury. 

Oepl^men'.atlon   of  a   minute   jortlon   of   the   plKm^nv   eDlthflllum  of 

the  macula   repreaen'.s   an   Irreversible   Injury.     On   the   one   hand. It   Is 

very   surprising   to  find  an   lnclrier.ee   of   10^.     On   the  ether  hand.   It 

Is  not  surprising  to  find   tha*,   this   has  occurred  without   loss   of 

visual  aoulty  because  each  of   these   lesions   Involves a  minor  portion 

of   the  macula and   foveal   sparln« has   been  present  In all   of   the  cases 

discovered   to  date.     However,  with  contlnueri   exposures   the   probability 

exists   that   loss   of   vision  will   be   susta^ner»   by  a   segment   of   thlP 

population. 

The   one   case   of   melanoma,   by   itself,   does   not   permit   analysis. 

In  view  of   the  facts   that   It   Is   unlikely  to  be  found  occurring  spon- 

taneously   in   such a  sfflEill  population as   reported   herein,   that   It  Is 

a   type   of  abnormality   suggestive of an abiotic  effect,   and   that  such 

a   finding  has  been produced   in  one   primate  eye  following  exposure   to 

laser radiation.   Its   implication cannot  be   Ignored.     Instead,   con- 

tinued   observation  of   its  course and   search for additional   cases are 

requlrei. 

nccuiier.tat,lon   of   the   retinal   flndlnsts   is   readily   achieve-"   by 

ft 
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fundus photography. However, In order to permit more accurate 

en^lysls, both qualitatively and quantitatively. In the degree of 

nvperplffB.entatlon, we are developing a method for obtaining densl- 

toietrl? .'r;easu''*>".ents of this factor directly from the retinal 

photo.rraphs,
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CONCLUSION'S

The eye serves as a unique organ In which to determine the hazards 

associated with the radiation environments of Interest to this in­

vestigation for the following reasons:

1. Ocular tissues are Injured tay each of these radiation 

environments in a predictable manner,

2. Bach form of radiation leaves its signature In a different 

ocular tissue,

3. Evidence of such tissue injury can be detected.

The susceptible ocular tissue serves as a cumulative 

dosimeter,

5. The ocular tissues can be examined In vivo,

6. Physloloflflcai fluctuations and sampling technloues do not 

alter the flndlnars, and

7. The findings can be documented.

The findings reported to date are significant and lndlca*^e tne 

need for continuance of this survey. In addition, they should be 

of value for the orientation of applied research pronrams deslarned 

to explore the basic mechanisms of the interaction of electromagnetic 

energy with biological systems.

i
ill

desp^^ctfully submitted,

Kllton H. Zaret, M.T.
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